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Description 

pi^^^f^^flQUMD QF THE INVENTION 
5 1 Field Of the Invention 

This invention relates to a catalyst for electrode (hereinafter refened to as ^electrocatalysfO for add electrolyte 
type fuel cells such as phosphoric add type fuel cells or proton-exchange membrane type fuel cells. 

70 2. Description Of the Prior Art 

Catalysts comprising a conductive cartxxi powder canier on which platinum (Pt) is dispersedly supported and hav- 
ing a corrosion resistance to phosphoric add heated at a high temperature of about 200**C are conventionally used as 
electrocatalysts tor the phosphoric add type fuel cells. Furthemiore» in recent years, catalysts comprising a conductive 

IS caxbon powder on which an alloy of platinum with a base metal elmient such as gallium, titanium, vanadium, chromium, 
iron, cobalt, nictel or copper is supported have been developed in order to improve the activity of oxygen reduction 
reaction in the cathode (U.S. Patent Nos. 4.186110 and 4.447,506, Japanese Pre-examination Patent Putrfication 
(tokai) Nos. 60-7941, 61^1 and 62-163746. etc.). Meanwhile as electrocatalysts for prct n-exchange membrane 
type fuel cells, platinum blade catalysts have been used from ob times, but catalysts compnt;ng a conductive c vwn 

20 powder on which platinum is highly dispersedly supported are now put Into use so that the amount of platinum used can 
be reduced. Also in such catalysts, researches are made on catalysts formed of an alloy with a base metal so that the 
oxygen reduction activity of the cathode can be improved [Q. Tamizhmani & G.A. Capuano. J. Bectrochem. Soc., 
\fo.141,N0.4 (1994)]. 

Such platinum alloy-supported catalysts are usually produced tn the foDowing way Rrst, platinum is supported on 

25 a conductive carbon powder to prepare a platinum-supported cartxxi powder (a precursor), and then this precursor 
platinum-supported caftx)n powder Is added in an aqueous solution of a compound such as a salt of base metal ele- 
ment to fix the base metal component on the platinum*supported carbon by the aid of an alkali such as sodium-hydrox- 
ide or ammonia or a redudng agent such as hydrazine or formalin, followed by treatment in a stream of nitrogen or in a 
stream of hydrogen at a high temperature of SOO^'C to 1 ,000*^0 to alloy the base metal and platinum. 

30 Such platinum alloy-supported catalysts have an improved oxygen reduction activity compared with the precursor 
platinum-supported cartDon powder and hence are known to be greatly improved in cunent-voltage characteristics (1-V 
characteristics; the same applies hereinafter) when used as cathode catalysts for phosphoric acid type fuel cells. 

Japanese Pre-examination Patent Pi^ication (kokai) No. 3-127459 reports that in the production of such an alloy- 
supported catalyst all the base metal used is not completely made into an alloy and is partly deposited on and adheres 

35 to the caitx)n surface, and it is proposed to remove free base metal by washing the catalyst with an aqueous dilute acid 
solution to thereby suppress the wetting of the catalyst to the electrolyte so that the cell can have a fonger lifetime. 

Advantages of skeleton catalysts whose representative is Raney nickel are also known from old times. Platinum 
skeleton catalyst electrodes prepared by dissolving the base metal component out of an electrode formed of an altoy of 
platinum with a base metal, not supported on a carrier, were studied in the 1960's as electrodes for fuel cells (U.S. Pat- 

40 ent No. 3,429.750). Meanwhile, a platinum-supported skeleton catalyst prepared fcyy renx>ving Fe from a R-Fe alfoy- 
supported catalyst (U.S. Patent No. 4,187,200) is known to exhbit a high acfivity in hydrogenatkm reaction, but there is 
no disdosure as to whether it is useful as an electrocatalyst 

Under operation conditions of fuel cells in which an add electrdyte and oxygen are present together, not only the 
base metal not altoyed with platinum but also the base metal in platinum-base metal alk^ crystals can not avoid grad- 

45 ually dissolving in the electrdyte. The base metal having dissolved in the electrolyte rs either reduced at a portfon hav- 
ing a more basic potential in the cell to become deposited there, or crystallized because of a lowering of sdubility at a 
lower-temperature portion to become deposited, thus there is a possibility of dogging pores of a gas diffusion electrode. 
Espedally in the case of proton-exchange membrane type fuel cells, there is also a possibility that base metal tons react 
with the electrolyte to cause a lowering of the conductivity of the electrolyte. IHence. in order to make fuel cells have a 

50 longer lifetime, it is desired to make the base metal less dissolve out of the alloy. 

Meanwhile, in the base metat/jpiatinum alloy-supported catalysts, it is usually indispensable to alley the materials at 
a high tenrperature in the step of preparation. As a resuK of this high-temperature treatment, the platinum is altoyed with 
the base metal and at the same time may cause aystal growth. Hence, it is not always easy to prepare a platinum alloy 
catalyst having, e.g.. an average aystal partide size not larger than 50 A (angstrom. 1 A s o.l nm; the same applies 

55 hereinafter). Accordingly, it is sought to provide as an eleclrocatalyst for fuel cdls a platinum-supported catalyst that 
retains aystal forms of an alloy highly active in oxygen reduction and yet has platinum alloy partides made finer and 
also containing less base metal component 
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SUMMARY OF TH E INVENTION 

To solve the above problems, the present Inventors niade extensive studies on how the crystal forms of platinum 
alloys supported on caibon affect the activity and lifetime required as eleclrocatalysts for fuel cells. As the result, they 
have discovered that a skeleton catalyst comprising an alloy of platinum with a specific base metal component, the base 
metal component having been selectively removed from alloy crystals, exhbits an unexpectedly high activity and long- 
term stability as a fuel cell etectrocatalyst, and thus have accompfished the present invention, 

More specifically, the electrocatalyst of the present invention is a catalyst comprising an alloy of platinum with at 
least one base metal selected from the group consisting of gallium, vanadium, chromium, manganese, iron, cobalt, 
nickel and copper, having a structure of vacant lattice site type lattice defects (hereinafter said alloy being refenred to as 
"platinum skeleton alloy and a conductive cartx}n powder, the alloy being supported on the conductive cartxm powder 
(hereinafter the catalyst being referred to as "platinum skeleton alloy supported catalyst"). 

The platinum skeleton alloy catalyst of the present invention has a lattice constant compressed to the one compa- 
rable to a base metal-rich solid solution alloy and has a smaller crystallite diameter, and hence can have a very higher 
mass activity for the oxygen reduction reaction in the cathode of fuel cells than conventional catalysts of platinum-base 
metal alloy-supported on carbon. Moreover, because of a greatly controlled content of the base metal, the catalyst has 
a superior long-term stability, and acU electrolyte fuel cells using this catalyst exhilDit a higher out-put and a longer life- 
time, and can be greatly effective in practical use. 

pRigF DESCRIPTION QF THg DRAWINOg 

Fig. 1 is a graph showing the relattonship between R-Cu atomic ratio and feoe-centered cubic lattice constant of a 
platinum-copper solid solution alloy supported on a cartx>n can'ier. 

Rg. 2 is a graph showing changes with time of IR-free terminal voltages in a test in which phosphoric acid fuel cells 
respectively having as the cathode an electrode using a catalyst according to an example of the present inv6ntk)n and 
and electrode using a catalyst according to a comparative example are operated at a constant cunrent density. 

DESCRIPTION Q F THE PREFERRED EMBODIMENTS 

'BssSlSSSSSiSi' 
Platinum skeleton alloy: 

TTie platinum skeleton alloy which is an active metal of the catalyst of the present invention is supported on a con- 
ductive carbon powder in the state of fine particles. 

The platinum skeleton alloy is an altoy in which the base metal in the crystal lattice of a precursor thereof, a plati- 
num-base metal alk>y. has been removed at least in part This precursor aloy is a substitutional soDd solution alloy. In 
general, single platinum is fece-centered cubic (fee), and substitutional solid solution alloys fbrmed by alloying platinum 
and ottier metal elements may have vark>i^ crystal forms. However, solid solution alloys k>rmed by alloying platinum 
and at least one base metal selected from tiie group consisting of gallium, vanadium, chromium, mang£uiese. iron, 
cobalt, nktel and copper have any of disordered face^entered cubic, ordered cubic and ordered tetragonal forms. In 
addition, in these alloys, ttie diffraction angle 2 e corresponding to ttie main diffraction line (1 11) in tiieir X-ray diffraction 
is present on ttie sMe of a higher angle than that of the single platinum, and crystal lattice constant ac of the cubic alloys 
or lattice constants at and q of the tetragonal altoys has/have the relationship cf ac < So. or a|{3/(2-Ki| ^/Ct ^)} < , 
witii respect to lattice constant ao of the single platinum. 

It has been found that, when the base metal only is selectively removed at least in part from such a platinum-base 
metal alloy while retaining the aystal form of the alloy, the lattice sites having been heM by the base metai become 
vacant, so tiiat an alloy having vacant lattice site type lattice defects, i.e., tiie platinum skeleton alky can be obtained. 
Witti an increase in the degree at which the base metal is removed, ttie alloy becomes finer as a result of tiie break of 
alloy particles. 

Such a platinum skeleton alloy retains its original crystal form even though the compositional proportion of platinum 
has become larger than the original sdkJ sohJtion alky, and hence it exhUts a higher oxygen reduction activity than tiie 
single platinum of course and than any compositionally con^esponding solkl solution alloys (having substantially no 
vacant lattice site). 

In the platinum skeleton alloy supported catalyst of the present invention, there are no particular limitattons on the 
amount of tiie platinum and base metal to be supported on the carrier, conductive cartx)n powder, and on tiie atomic 
ratio of platinum to base metal. Preferably, the platinum may be supported in an anruxjnt of 1% to 60%. and particularly 
preferably 5% to 50%, based on the whole catalyst (the amount of the metal to be supported, based on tiie whole cat- 
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alyst, is indicated by wei^^t: the same applies hereinafter); in the case of a cathode catalyst for phosphoric add type 
fuel cells, particularty preferably from 5% to 30%, and In the case of a cathode catalyst for proton-exchange membrane 
type fuel cells, particularly preferably from 20% to 50%. 

The amount of the base metal remaining in the platinum skeleton alloy may be 0% in an extreme case, but there is 
5 no advantage in practical use if it is completely removed. In usual cases, the platinum and base metal in the platinum 
skeleton altoy may preferably be in an atomic ratfo of from 1 :1 to 1 :0.05, and particularly preferably from 1 :0.5 to 1 :0.1 . 

Conductive cait>on powder: 

10 As the conductive carton powder used as a carrier in the electrocatalyst of the present inventfon, any conductive 
carbon powders known as carriers for fuel cell electrocatalysts may be used. More specifically, cartxm black powders 
such as oil furnace black and acetylene black may be used which have characteristics of a BET specific surface area 
of from 50 to 1 .500 m^/g, a graphite (002) crystallite dian^eter of from 7 to 80 A. a graphite aystal interlattice distance 
dc (002) of from 3.40 to 3.70 A, and a DBP oil absorption of from 50 to 700 ml/100 gC. These cart)on black may be 

15 heated at 1 jdOO^^C to 2.800''C in an inert gas or in vacuo in order to improve durability under conditions where add elec- 
trolyte fuel cells are used, or may be heated at SOO'^C to SOO^'C in an atmosphere of water vapor to improve surface 
roughness so that the vdatile components can be removed and also the catalyst active metal can k>e more stably sup- 
ported. In particular, as the carrier of the cathode catalyst for phosphonc add type fuel cellSp at least partially graphi- 
tized carbon black having a BET specific surface area of from 50 to 180 m^/g and a graphite (002) crystallite diameter 

20 of from 10 to 70 A is preferred. As the carrier of tfie cathode catalyst for proton-exchange ment>rane type fuel cells, 
carbon black having a BET specific surface area of from 120 to 1 ,500 m^/g and a graphite (002) crystaRite diameter of 
from 7 to 35 A is particularly preferred. 

- Production of Electrocatalvst - 

25 

The electrocatalyst of platinum skeleton alloy supported on caitxm of tiie present invention, having tiie stmcture of 
vacant lattice site type lattice defects desaibed above, can be produced in tiie following way. 

That Is, In ttie first step, the solid sohition altoy of platinum with at least one base metal selected from tiie group 
consisting of gallium, vanadium, chromium, manganese, iron, o^t. nickel and copper Is suH[jorted on the coriducuve 

30 caxbon powder in a highly dispersed state to fbrm a catalyst precursor of platinum alloy supported on carbon. Next, in 
the second step, tiie catalyst precursor is subjected to freatinent to selectively remove only tiie base metal component 
at least in part from the crystal lattice of catalyst precursor white retaining tiie crystal form to ttiereby bring about tiie 
structure of vacant lattice site type lattice defects, thus tiie desired catalyst can be produced. 

There are no particular limitations on metiiods for preparing the precursor catalyst of platinum alloy supported on 

36 cartx>n so long as tiie ordered alloy or disordered solid solution alloy is formed in a highly dispersed state. Various 
known preparation methods may be used, as exemplified by an altoying metiiod in which catolyst components are sup- 
ported in a single-step folkswed by heat treatment, an alloying metiiod in which the catalyst component is supported in 
a multiple-step followed by heat treatment, and a metiiod in which the base metal is alloyed and supported on a plati- 
num-supported carbon powder (the electroless plating metixxQ. 

40 As a degree of alloying, it is prefenred ttiat the greater part (90% or more) of tiie base metal supported on carbon 
is present as an alloy with platinum and tiie base metal present apart from platinum on tiie caxbon is tfian 1 0%. or 
that tiie greater part (90% or more) of the platinum supported on carbon is present as an aicy witti base metal and tiie 
platinum present singly t>y itself on tiie carbon is less than 10%. They can be alfoyed in sudi a suff icient degree in tiie 
following way: For example, in tiie case of an alfoying metiiod in which catalyst components are sipported in a two-step 

45 followed by heat treatinent first tiie pbtinum is suppcMled on cartxxi powder in a highly dispersed state to prepare a 
platinum-supported caitxxi powder. Next, Viis platinum-supported caxbon powder is slumeo tn an aaueous dilute sdu- 
tionof asaltof tiiebase metal denient and tiie base metal eleniem is adsort>ed a fixed on trie plati'n^ 
carbon powder by alkaR treatment or wet-process reduction, fbltowed by flHration, washing and drying to prepare a base 
metal and platinum-supported carbon powder as a precursor or intermediate. Then, this is retained in an inert gas such 

50 as niti-ogen or helium, in vacuo or in a sti'eam of hydrogen gas, at a temperature necessary and suff ident for completely 
alloying the t>ase metal and platinum supported on tiie cartx>n carrier and of a degree not to cause excessive aggrega- 
tion (sintering) of tiie alloy crystals formed, and for a necessary and suff k:ient time, followed by cooling to room temper- 
ature. These conditions depend on the method for obtaining the desired catalyst of platinum alloy supported on carbon 
canrier. The alloying by heat treatment may preferably be earned out at a temperature of, e.g., from 750''C to 1 SXXfC 

ss and niore preferably from 800^C to 900''C, for a reten^ minute to 5 hours, and more preferably from 20 

minutes to 2 hours. 

Whether or not the precursor or intermediate obtained in the first step Is in a suff identiy alloyed state can be ascer- 
tained by various metiiods. For example, tt can be miaoscopically ascertained by Observation of powder using an ana- 
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lytical transmission electron microscope. More specrfically. it can be ascertained when, in a transmission electron 
microscope (TEM) image of 300,000 to 1 .000,000 magnifications, every particle of metal particles of tens of angstroms 
in diameter, supported on the surfeces of carlx)n particles of hundreds of angstroms In primary particle diameter, gives 
values of elementary analysis which are almost in conformity with the alloy composition of the whole powder (Ixjik) in 

5 respect of Hs energy dispertive X-ray spectroscopy (EDX) and on the other hand the EDX at every part of the cart)on 
earner detects no significant presence of each of the base metal and the platinum alone. 

The state of being alloyed can be macrosoopically ascertained by plotting lattice constants vs. alloy conpositions 
off soTid solution alloys. More specHlcally, catalyst of platinum alloy-supported on carbon carrier with a series of compo- 
sition are prepared by changing the atomic ratio of platinum to base metal, and X-ray diffraction lattice constants of the 

10 respective alloys are measured to plot the composition vs. lattice constant on X-Y coordinates, where the Vegard law is 
established so long as a perfect solid solution alloy is formed within a given oonpositional range, and ttie lattice con- 
stants of the alley are on a diagonal line connecting the respective lattice constants of the single platinum and the single 
base metal or a cun^e wNch is close tiiereto. 

The second step in ttie production process of the catalyst of the present invention will be detailed below. The see- 
rs ond step is ttie step of making treatment to selectively renfx>ve only the base metal component at le^ in part from the 
crystal lattice of the catalyst precursor of platinum alloy-supported on carbon earner while retaining the structure and 
physical properties of the cart>on carrier and while retaining the crystal form of tiie platinum alloy supported tiiereon. to 
thereby bring about the structure of vacant lattice site type lattice defects; tiius the catalyst of platinum skeleton alloy- 
supported on carbon carrier being obtained. 

20 There are no particular limitations on methods for tiie above so long as they are metiiods of selectively removing 
only the base metal component from the alloy crystal lattice while retaining the crystal form of the platinum alloy wifliout 
changing ttie structure and physical properties of the carbon canier. For example, known methods can be used in which 
tiie catalyst precursor of platinum alloy-supported on carbon is treated witti an aqueous solution of an acM that dis- 
solves the base metal element but does not dissolve ttie platinum (i.e., liquid-phase leaching), or heat-treated in a gas 

25 stream of a gas of an element or oonpound that forms a volatile compound wifli the base metal element but does not 
form a volatile conpound with ttie platinum, as exemplified by chlorine (Cy or caitx>n monoxide (CO) {i.e., gas-phase 
leaching). There are no particular limitations on ttie rate of removal of ttie base metal element As stated previously, ttie 
base metal may be completely removed from the alby crystal lattice wittiout changing ttie crystal fomri. and It Is not 
impossible to do so, but not essential in practical use. In usual cases, the t>ase metal may be removed in such an 

30 amount of 20% to 99%. and preferably from 30% to 95%. of its content in tiie original platinum solid solution aWoy, 

Any excessive leaching is not preferable because it may cause a change In crystal form. Any excessive application 
of heat during the leaching or after the leaching or any leaching carried out under conditions ttiat may cause dissolution 
of platinum in the alloy is not preferable iDecause it might cause a change in lattice constants of platinum to change into 
ttie equilibrium lattice constants of tiie platinum-rich solkJ solution alloy con-esponding to the composition which would 

35 be formed if the dissolution occurs (i.e.. change into an alloy of crystal structure having no vacant lattice sites). 

It is also not preferable tiiat ttie sbucture and physical properties of the canrier conductive carbon powder greatiy 
change witti ttie leaching treatment of ttie base metal. If ttie structure of caitx>n is cut off or ttie con-osion of surfaces 
proceeds, ttiere is a possibility of causing tiie supported solid solution alloy to come off, dissolve or aggregate. 

As a method fbr selectively removing tiie base metal component from ttie crystal lattice while retaining ttie crystal 

40 form of the catalyst precursor, supported platinum solid solution alloy wittiout changing the sbucture and physical prop- 
erties of the cart)on carrier, it is preferable to suspend ttie platinum solid solution alloy-supported cartx>n powder in 
phosphoric add heated to 100"^ to 200^C or in an aqueous mineral add solution kept at a temperature of room tem- 
perature to lOO^'C in an attnosphere where ttie oxygen pressure has been made lower than air. preferably in an atmos- 
phere containing substantially no oxygen. e.g.. in a stream of nitrogen, and maintain ttie resultant suspension witti 

45 stining for a certain time, followed by cooling, filtering, and washing witti hot deionized water until ttie filtrate has an 
electrical conductivity of 20 ^S/cm or less, and subsequentiy drying in vacuo or in an stream of nitrogen gas at IIO^'C 
to obtain tiie desired catalyst. As ttie mineral acid, sulfuric acid and nitric add are prefered, which may preferably be in 
a concentratioi of from 0.1 to 1 .0 N. The heated phosphoric add may preferably be in a concentration of from 85 to 
105%. If such wet teaching witti an acid is carried out in the atmospheric environment the catalyst is exposed to an 

so open-drcuit potential of 1 V or higher at ttie interface where the catalyst slurry come into contact witti oxygen, so ttiat 
ttie platinum may dissolve out of the ailoy or ttie corrosion of ttie carbon powder may proceed, ttius such leaching is not 
prefened. In ttie atmospheric environment, ttie lattice constant of the platinum skeleton alloy tends to greatly come near 
to that of ttie platinum-rich solid solution alloy. 

Whether or not ttie platinum skeleton alloy supported canier has been formed as a result of tiie second step can 

55 be ascertained in ttie following way. Rrst. elementary analysis of ttie catalyst obtained is carried out to make sure ttiat 
only ttie base metal has been removed out of the initially supported alloy and the platinum and cartx)n have been recov- 
ered. Powder process XRD (X-ray diffractometry) of ttie catalyst is f urttier carried out to make sure ttiat ttie crystal form 
of the original platinum solkJ sdution alfoy is retained, and ttiat ttie lattice constant is retained substantially in the state 
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of the original solid solution alloy though a little change may occur, that is, it is close to that of the original base metal- 
rich solid solution aHoy rather than to the lattice constant that the resuKant platinum skeleton aHoy would have. H H were 
a solid solution alloy. 

Whether or riot the supported platinum skeleton alloy used in the present invention has the structure of vacant lat- 
tice site type latb'ce defects, i.e. , a non-equilibrium crystal structure can be ascertained in the following way. The powder 
of the platinum skeleton altoy supported catalyst of the present invention is subjected to in situ XRD in an atmosphere 
of inert gas or in vacuo. As the temperature is gradually raised from room temperature up to a terrperature to t>e used 
when the materials are alloyed, it is ascertained that the crystal form and lattk:e constant of the alloy change from those 
of the platinum skeleton alloy to those of the solid solution alloy cxwresponding to the platinum-rich conposition from 
which the base metal has been rertxived. Even after cooling to room temperature, the change in crystal form and lattice 
constant that has taken place during the temperature rise is maintained, and the crystal form and lattice constant no 
longer return to those of the original platinum skeleton alloy That is. in the platinum skeleton alloy supported catalyst 
obtained in the second step, the platinum skeleton alloy still retains, in the platinum-rich conposition from which the 
base metal has been removed, the equiBwium crystal Ibmn and lattice constant in flie base metal-rich conposition. 
Thus, the platinum skeleton alloy is shown to have a structure of vacant lattice site type lattice defects. 

The BET specific surface area of the catalyst is measured and ttie carbon graphite (002) crystallite diameter and 
aystal interlattice distance are analyzed by XRD to ascertain that there is no change In stmcture and physical proper- 
ties of the cannier carbon. 

There are also no particular limitafions on the platinum crystallite diameter of the platinum skeleton alloy supported 
catalyst of the present invention, tiius obtained. It may preferably be from 15 to 100 A, and particuiariy preferably from 
20to60A. 

There are still also no particular limitations on the metal surbce area of the platinum. It may preferably be from 30 
to 200 m^/g Rt. and particuiariy preferably from 50 to 150 m^/g Pt In the present specification, tiie metal surface area 
of platinum is indicated as an dectrochemical metal surface area EC. MSA (nf /g Pt) obtained by measuring electrical 
quantity of hydrogen absorption on tiie platinum surface in tiie cattiodic sweep of cydc voltammetry made on catalyst 
electrodes. 

- Characterfetics - 

In tiie present specification, the electrochemical oxygen reduction activity of the catalyst is evaluated on tiie basis 
of mass activity. The mass activity is detemfvned in tiie fbltowing way In an oxygen-electrode half cell (O2 half cell), a 
cunrent density (mA/cm^) obtained at a potential of plus 900 mV vs. a reference hydrogen electrode (RHE, tiie same 
applied hereinafter) is detennined, and the resultant value is divided by a platinum loading amount (mg Pt/cm^) per 
electrode unit area to give a current density per unit platinum nnass, i.e., the mass activity (mA/ing R). 

Stated more specifically, first according to tiie electrode preparation method described later, tiie cari^on earner cat- 
alyst powder is bound to carbon paper together with water-repellent binder to form a gas diffusion electrode, and its cat- 
alyst-layer side is disposed to tiie 105% phosphoric acid heated to 200<'C and tiie opposite side exposed to a sti'eam 
of oxygen (O2) gas. This is incorporated in a half cell apparatus, and the current density (mA/cm^) produced is deter- 
mined when a voltage of 900 mV (IR-free) vs. the reference hydrogen electrode (RHE) is applied between the woriong 
electrode and tiie platinum mesh counter electa-ode. and tiie resultant value is divkied ty a platinum loading amount (mg 
Pt/cm^) per electrode unit area to give tiie mass activity (mA/hng Pt). 

In tiie platinum skeleton alloy supported catalyst of tiie present invention, the platinum is very highly activated. 
Especially when used as tiie cattiode electrode for fuel cells, it exhibits a higher oxygen reduction activity than the plat- 
inum single supported catalyst as a matter of course and ttian any of tiie catalyst precursor having platinum alloy sup- 
ported on carbon, witti no vacant lattice sites and tiie catalyst of solid solution alloy supported having tiie corrposifion 
conresponding to ttiat after removal of tiie base metal but having no vacant lattice sites. 

A typical platinum supported catalyst (20%Pt/C) has a mass activity of 39 mAMig Pt, and a known catalyst A of 
base metal-rich platinum-base metal alloy-supported on carbon (1 9% Pt-6% Cu/C) and a known catalyst B of platinum- 
rich platinunrvteise metal alloy-supported on carbon (20% Pt-1 .5% Cu/C) have a mass activity of 69 mAAng R and 70 
mA/mg R. respectively In contrast, the catalyst of platinum skeleton alk)y-supported on carbon (20% R-2.G% Cu^C) of 
tiie present invention, originating from tiie catalyst A, has a mass activity of 80 mA/hng R. showing a higher activity tiian 
any of known catalysts. 

The platinum skeleton alloy sipported catalyst of tiie present invention was used in tiie air-electrode catiiode, a 
conventional platinum supported catalyst was used in ttie anode and an SiC matrix sheet impregnated witti 1 05% phos- 
phoric ackl was hekt between a pair of tiiese electrodes to set up a small-size single celt. Under ttie conditions ttiat air 
was passed through tfie cathode and hydrogen gas or the reformate model gas corrprised of 80% hydrogen and 20% 
CO2 was passed through ttie anode, a long-term operation test for ttiousands of hours or longer was carried out at a 
constant cell temperature in ttie range of 1 90<'C to 220^C. In such a test, it has been found that ttie cell using ttie catalyst 
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of the present invention in the cathode has a higher initial terminal voltage, and has a smaller rate of deterioration of the 
terminal voltage when operated at a constant cun'ent density and has been wade stabler than arty of the single platinum 
supported catalyst, the catalyst precursor of platinum alloy supported on cart>on having no vacant lattice sites and the 
platinum solid solution alloy supported on cart>on having the same composition as that of the present invention but hav- 
5 ing no vacant lattice sites. 

>Ei^9dgibrFM9lCelte- 

The electrode for fuel cells employing the platinum steleton alloy supported catalyst of the present invention will be 
10 described below. 

This electrode for fuel cells comprises the platinum skeleton alloy supported catalyst described above and a water- 
repellent binder which are bound to a conductive and porous support substrate. In addition, especially as the electrode 
for phosphoric add type fuel cells, it is essential for tiie support substrate to t>e acid-resistant. 

As the water-repellent binder, polymer binders as exemplified by polytetraf luoroeUiylene, polyf luoroethylene propyl* 
IS ene and perf tuoroalkoxypotyethylene may be used. As the conductive and acid-resistant porous support substrate, gas- 
permeable cartx)n paper which have been subjected to water-repellency treatment with the above water-repellent 
binder, or a mesh screen of metal such as, tantalum and niobium may be used. This is especially useful as the electrode 
for add electrolyte fuel cells, in particular, as the oxygen reduction cathode of phosphoric add type fuel cells. 

The electrode of the present invention can be produced. e.g., in the following way. RrsL tiie platinum skeleton alloy 
20 supported catalyst obtained as described above is mixed with a suspension of polytetraf luoroetiiylene to fonn a uniform 
suspension. Meanwhile. cart)on paper having been subjected to water-repellency treatment witin a similar acid-resistant 
polymer material is prepared, and the unifonm mixture suspension of the above catalyst and the water-repellent binder 
is coated thereon by filtration suction, spraying or roll coaling, folkiwed by pressure kK)nding and then balcng in an 
atnfx>sphere of inert gas. 

25 The platinum steleton alloy may preferably be present on ttie electrode support sii)strate only in an catalytically 
effective amount, which Is usually in the range of from 0.1 to 3 mg, more preferatDly from 0.2 to 2 mg, and still more pref- 
erably from 0.5 to 1 mg. In terms of platinum per square centimeter of geometrical surface area of the electrode support 
substrate. 

The present electrode can be isej m a gas d!f^JSlon electrode such as atx-lton c^l, a gas sen^ elactrcxSa or an 
30 electrolysis electrode, and is espedally suitable as an electrode for add electrolyte fuel cells. As electrolytes used in 
such fuel cells may include phosphoric add, sulfuric add. hydrochloric add. and super acid such as trifluorometh- 
anesulfonic add, difluoromettianedisuHbnic acid and polytrif luoroetiiylenesulfonic acid, or mixtures of any of these. 

35 

The present invention will now be de8crik>6d below in greater detail by way of Examples and Comparative Exam- 
ples. The present invention is by no means limited to these. 

1- Production qfcaWva; 

40 

Comparative Example 1 

{Production Example 1^ 

45 PnrfWtion of platipgm gl^gtpn alloy gyppprted Wtelyst: 

In 1 ,500 ml of deionized water containing 4.0 g of gladal acetic add, 81 g of heat-treated conductive cartx>n black 
(trade name: VULCAN XC-72R, available from Cabot Corp.) having a specific surface area of 110 m^/g was dispersed 
by ultrasonic dispersion machine and made into a slun-y In 600 ml of deionized water, 9.0 g of platinum as H2Pt(OH)6 

50 was dissolved togettier witii amine to prepare a platinum solution. The platinum solution was added to the cartxxi slurry 
witii stin-ing. Thereafter 50 g of an aqueous 5% formic acid solution was added as a redudng agent and the tempera- 
ture was tiien raised to 95°C. After the mixture was maintained at SS^C for 30 minutes, it was cooled to room tempera- 
ture, followed by filtration and then washing writh deionized water. The f Dtered cake thus ol>tained was dried in a stream 
of nitrogen at SS'^C for 1 6 hours. Powder process XRD of the resultant 1 0 wt.% FVC (C-1 *) (tiie asterisk * means Com- 

65 parative Example; tiie same applies hereinafter) revealed that it had a R (1 1 1) aystallite diameter of 15 A and a face- 
centered cubic lattice constant a of 3.923 A. 
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^Production Examples 2 to 9) 

Production off platinunnxxMer ailov^sunported catalysts: 

In 1.000 ml of deionized water, 50 g of Pt/C povwder (C-r) obtained in Production Example 1 was dispersed by 
means of an ultrasonic dispersion machine and made into a slurry. To this sluny, 150 ml of an aqueous solution con- 
taining 0.435 g of Cu as copper (II) nitrate was added with the siuny being stirred thoroughly vigorously, and thereafter 
the pH of the slurry was adjusted to 8.0 while slowly dropwise adding an 5% hydrazine cfilute aqueous solution. After 
stining at room temperature for 1 hour, the slurry was filtered and then washed with deionized water. Thereafter, the 
resultant cake was dried in a stream of nitrogen at 95*C for 16 hours. Subsequently, this was kept in a stream of 7% by 
volume of hydrogen (the balance being nitrogen) at SOO^'C for 1 .2 hour, and thereafter cooled to room temperature to 
obtain R-Cu ailoy/C (C-2^). As a result of elementary analysis, metal components were each in a corttent of Pt: 10.2 
wt.%. and Cu: 0.87 wt.%. and R:Cu atomic ratio was 79%:21%. Its XRD revealed that the face-centered cti^ic solid 
solution alloy had a crystallite diameter of 40 A and a lattice constant a of 3.876 A. From XRD spectra of the alloy-sup- 
ported catalyst, only a face-centered cubic solid solution alloy phase was detected, and neither a diffraction peak of sin- 
^e platlruim nor a diffraction peak of single Cu was rust detected at all. In the observation on an analytical transmissbn 
electron microscope, the analysis by EDX of incfividual metal particles supported on carbon ascertained ttiat the alloy 
composition for each particle all well corresponded to R:Cu atomic ratio of ttie bulk, ttuis tfie metal components had 
been substantially completely altoyed, and ahnost no slngle-ptatinum particles and single<X)pper particles were 
present 

The same procedure as tiie above was r^eated but variously changing tiie amount of copper to produce R-Cu 
solid solution alloy-supported-on-cart>on catal^ (C-3^) to (C-9*). and tiieir lattice constants were measured by XRD. 

fProductlon Example 10) 

ProAigtign gf cpppy ^ppgrt^cl C^talygt: 

The procedure of Production Example 2 was repeated except tiiat tiie 1 0% R/C was replaced witti 45 g of caifoon 
powder used in Producfion Example 1 to make it Into a slurry. foDowed by addition of an aqueous copper (II) nitrate solu- 
tion containing 5.0 g of Cu. Thus. 10%Cu/C catalyst powder (C-IO") was obtained. Hs XRD revealed tiiat the supported 
face-centered cUbtc Cu had a lattice constant a of 3.620 A. 

R:Cu atomic ratio (oonrposition) and face^entered cubic (fee) solkl solution alloy lattice constants are given 
together In Table 1. 
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Table 1 



5 



Composition and lattice constant of Pt-Cu alloy supported on cartx)n 


Catalysl No. 


Analytical quantity of sup- 
ported metal 


Composition (atomic ratio) 


Lattice constant 




R(wt%) 


Cu(wt%) 


R(%) 


Cu(%) 


(A) 


c-r 


10,30 


0 


100 


0 


3.923 


C-2* 


10.24 


0.87 


79 


21 


3.876 


C-3* 


9.99 


1.02 


76 


24 


3.663 


C-4* 


9.90 


1.64 


66 


34 


3.842 


C-5* 


9.84 


3.10 


51 


49 


3.793 


C-6* 


9.73 


5.01 


39 


61 


3.756 


C-7* 


9.47 


6.58 


32 


68 


3.738 


C-8* 


9.34 


8.06 


27 


73 


3.723 


C-9* 


8.51 


14.3 


16 


84 


3.687 


C-10* 


0 


10.1 


0 


100 


3.620 



The relationship t)etween conposition (or atomic ratio) and solid solution alloy face-centered cubic lattice constant 
2S a in the above R*Cu alloy supported catalyst is shown in Fig. 1 . The plotting of the composition and lattice constant of 
the catalysts (C-i*) to (C-IO*) of Production Examples 1 to 10 gave the Vegard law's curve as shown in Fig. 1. As is 
seen therefrom, the Pt-Cu alloys in the R-Cu alloys supported on cartxxi forni substantially perfect solid solution alloys 
over the whole compositional range of from Cu 100% to R 100%. according to the Vegard law. 

30 Example 1 

(Pra;lMCtionExfflnpl^11) 

Production of platinum skeleton allofy supported catalyst: 

3S 

20 g of the Pt-Cu alloy-supported catalyst (C-9*) powder of Comparative Example 2 was put into a 300 ml Teflon 
beaker with a cover, and 160 ml of 105% polyphosphoric acid was added thereto, followed by stining while purging the 
inside of the beaker with nitrogen gas, using a stirring rod made of Teflon^ so as to maintain the state of uniform sus- 
pension. The beaker was heated on a mantle heater to raise the temperature to 200^C, and the temperature was main- 

40 talned with stim'ng for 4 hours. After cooling to room temperature, the slurry obtained was poured into 300 ml of oold 
deionized water to effect dilution, followed by filtration. The resultant solid was washed with deionized water until the 
filtrate came to have a lower conductivity than 20 |iS/cm. and the cake obtained was dried at 95''C in a stream of nitro- 
gen for 16 hours to obtain R-Cu alloy-supported catalyst (C-1 1). the R-Cu alloy having been subjected to leaching. Its 
elementary analysis revealed that it had conposition of 9.8% R-1 .03% Cu/C (R:Cu atomk: ratio being 76:24). Analysis 

45 of a mixed solution of the filtrate and the washing liquid revealed that Platinum dissolved out in a very small quantity (not 
more than 1% of the Platinum charged) and only Cu was selectively dissolved out The XRD revealed that the catalyst 
had a Pt (1 1 1) crystallite diameter of 39 A and a face-centered cubic lattice constant a of 3.745 A. Incidentally, the alloy 
crystal lattice constant conresponding to the composition with a R:Cu ratio of 76:24 readable from the Vegard law^s 
curve in Fig. 1 was a = 3.868 A. As a matter of fact, the sofid solution alloy-supported catalyst (C-3*) having the com- 

50 position witii a R:Cu ratio of 76:24, separately produced from 10% Pt/C ((2-1 *) according to Production Example 2 had 
a lattice constant of 3.863 A. 

Thus, the C-1 1 , despite having tiie composition with a R:Cu ratio of 7624, had a tattk)e constant which was greatiy 
smaller ttian tiie lattice constant 3.868 A of ttie sold solution alloy coresponcfing to this composition and was dose to 
tiie a = 3.687 A of the starting solid solution alloy having a R:Cu ratio of 16:84. Even though ttie Cu in the R-Cu alloy 
ss had been removed, tiie lattice constant was given as if the Cu were present, and hence tiie present catalyst (C-i 1 ) was 
identified as a skeleton catalyst having the structure of vacant lattice site type lattice defects. A programmed-tempera- 
ture XRD cell was packed witii powder of C-1 1 . and the XRD spectrum at each temperature was measured while raising 
tenperature from room temperature such as SO'^C, lOO'C and ISO^'C at the intervals of SO^C in a stream of nitrogen 
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gas. As a result, although the lattice constant was a = 3.790 A at 300''C, shoving almost no change from the state at 
room temperature, it was a « 3.852 A at TOO'^C, showing a change to the lattice constant dose to the Vegatd law's cun^e 
in Fig. 1. 

Thus, also from the change in lattice constant upon heating to a high temperature in an inert gas, it viras confirmed 
5 that the catalyst C-11 was a steleton catalyst having the structure of vacant lattice site type lattice defects. 
The locations of C-9^ C-11 and C-3* are plotted in Rg. 1. 

Comparative Example 4 

10 (Production Example 18) 

PrQ<jMPtiQn Qf plat'nMm wppQrt«» Cata»YSt: 

A 20% Pt/C catalyst (C-12*) was produced in the same manner as in Comparative Example 1 except that 72 g of 
15 cartx)n tslack powder was slurried in deionized water containing 8.0 g of glacta! acetic add. an aqueous amine solution 
of H2Pt(OH)6 in an amount corresponding to 1 8.0 g of Platinum was added, followed by reduction with 1 00 g of an aque- 
ous 5% fbmiic add solution. 

CompetrativgExgrnpl^g 

20 

fProduction Example 13) 

P'^'diftn fff PlatinnrTHygper allov siaported catalyst; 

25 The procedure of Production Example 3 was repeated except that SO g of the Pt/C catalyst (G-12^ of Production 
Example 12 was used and, to 2.500 ml of its deionized water sluny, 150 ml of an aqueous solution containing 3.2 g of 
Cu as copper (II) nitrate was added. Thus, a Pt-Cu alloy/C catalyst (C-13*) was okjtained. Its elementary analysis 
revealed that it contained 18.8% by weight of F*t and 6.0% by weight of Cu in temris of dry w«ght, having a PtCu atomic 
ratio of 50^, and its XRD re/ealed that the ca^^yst virasan a!!cy-su»^rt^ c^lyst havlr^ a Pt (1 11) cr^talStediam- 

30 eter Of 45 A and a face-cemered cubic lattice constant a Of 3.790 A. 

The catalyst C-13* is an alloy-supported catalyst originating from 20% Pt/C, but its lattice constant is on ttie Vegard 
law's curve of ttie composition-lattice constant correlation of the Pt-Cu alloy-supported catalyst originating from 10% 
Pt/a 

35 Example 2 

fProducHon Example i4\ 

Production of platinum skeleton allov supported catalyst fC-idV 

40 

The procedure of Example 1 was repeated except tiiat ttie R-Cu alloy-supported catalyst (&13*) obtained in Pro- 
duction Example 13 was maintained in a stream of nitrogen gas in a 105% phosphoric acid sluny at 200 '*C for 2 hours. 
Thus, a leaching residue (C-14) was obtained. Its elementary analysis revealed ttiat it contained 19.7% by weight of Pt 
and 2.6% by weight of Cu in temis of dry weight (Pt:Cu atonwc ratio being 71 .29). and its XRD revealed that it was a 
45 catalyst having a Pt (1 1 1) crystallite diameter of 38 A and a face-centered cubic lattice constant a of 3.812 A. As viewed 
from Hg. 1 , the lattice constant of the face-centered cubic solid solution alloy conresponding to ttie alloy having Pt:Cu 
atomic ratio of 71 :29 is a « 3.852 A. and hence ttie catalyst C-1 4 was identified as a platinum steleton catalyst 

Comparative Example 6 

so 

(Prgdygtign Example 15) 

Production of olatinunhcobalt allov supported catalyst rc-is*^: 

55 The procedure of Production Example 3 was repeated except that 50 g of ttie Pt/C catalyst (C-i 2*) of Production 
Example 12 was slunied in deionized water and 150 ml of an aqueous solution containing 3.2 g of Co as cobalt (II) 
nitrate was added. Thus, a Pt-Co alloy/C catalyst (C-15") was obtained. Its elementary analysis revealed ttiat It con- 
tained 18.9% by weight of Pt and 5.7% t^ weight of Co in temris of dry wei^ (R£o atomic ratio being 50:50), and Its 
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XRD revealed that the catalyst was a solid solution alloy-supported catalyst comprised of only a face-centered cubic 
alloy having a crystallite diameter off 32 A and a lattice constant a off 3.767 A. 

5 

(PrpdMgtton Pfflmpi^ 16) 

Production of platinum skeleton allov supported catalyst rC>16^: 

10 The procedure of Example 1 was repeated except that the R-Co solid sdution ailoy-supported catalyst (C*15*) 
ot>tained in Production Example 15 was used. Thus, a leaching residue (C-16) was obtained. Its elementary analysis 
and XRD revealed that it contained 1 9.9% by weight of R and 1 .2% by weight of Co in terms of dry weight (R:Co atomic 
ratio being 83:1 7) and it was a face-centered cubic alloy catalyst having a crystallite diameter of 29 A and a lattice con- 
stant a of 3.787 A. Meanwhile, in a R-Co solid solution alloy-supported catalyst (C-1 7*) separately produced (as Pro- 

15 duction Example 17) in the same manner as in Production Example 15 except that the amount of Co charged was 
changed to 0.60 g, its XRD showed a face-centered cubic lattice constant a of 3.860 A. That is. the C-1 6. despite having 
the same composition as C-17^ had a clearly smaller lattice constant, which was close to that of the Co-rich alloy sup- 
ported in the catalyst C-1 5* before removal of Co, and hence it was identified as a skeleton alloy-supported catalyst 
from the lattice sites of which Co was removed. 

20 

CQmparativ9^x9mple7 

(PreductiQn Example 18) 

25 Production of platinum-nickel allov supported catalyst fC-IS^: 

The procedure of Production Example 3 was repeated except that the Pt/C catalyst (C-1 2*) of Production Example 
12 was used and, to a slunry thereof, an aqueous solution containing 4.0 g of Nl as nickel (II) nitrate was drc^se 
added. Thus, a R-NI solid solution afioy supported (»ta!y^ (C-1 8*) ««s obtaned. Its XRD revealed that tt was cem- 
30 prised of a fcice-centered cubic aUoy having a lattice constant a of 3.762 A. 

Example 4 

(Production Example 19) 

35 

Production of platinum skeleton altov supported catalyst rC-19k 

The procedure of Example 1 was repeated except that the R-Ni alloy-SLf)ported catalyst (C-1 8*) otxtained in Pro- 
duction Example 18 was used. 100 ml of the 105% polyphosphoric add was replaced with 100 ml of a 0.5N aqueous 

40 nitric acid solution and the mixture was maintained in a stream of nitrogen gas at eo^^C for 5 hours. Thus, a platinum 
skeleton alloy sipported catalyst (C-19) was obtained, having a R:Ni atonic ratio of 7525 and comprised of a face- 
centered cubic alloy having a lattice constant a of 3.784 A. Meanwhile, in a catalyst of R-Ni solid solution alloy having 
a R:Ni atomic ratio of 7525 supported on cait)on (C-200 separately produced (in Production Example 20) in the same 
manner as in Production Example 17 except that the amount of Ni charged was changed to 0.85 g, it had a face-cen- 

45 tered cubic lattice constant a of 3.860 A. 

In the same manner as the above, R-Cr. R-Mn, R-(3a-Co, R-V-Fe and R-Fe-Co solid solutton alloy-sif)ported cat- 
alysts C-21 \ C-24^ C-2r ,C-30' and C-33* were (voduced from 20% PVC, From these catalysts, Cr. Mn. (3a/Ca V/Fe 
and Fe/Co were respectively removed in the same manner as in Example 1 to ol>tain the conresponding platinum skel- 
eton alloy supported catalysts C-22, C-25» 028. C-31 and C-34, respectively. The lattice constants of these original 

50 base metal-rich platinum solid solution alloy-supported catalysts and platinum skeleton alloy-supported catalysts were 
given for comparison in Table 2, together with the lattice constants of alloy-supported catalysts C-23\ C-26*. C-29*, C- 
32* and Odd'' separately produced, having the composition respectively conresponding to the skeleton catalysts. 
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Table 2 







Solid solution alloy (A) 


SI(eleton alloy (B) 


Solid solution alloy (C) 
with composition of (B) 


PtCr 




C-2V 


C-22 


0-23* 




Atomic ratio: 


52:48 


7822 


78:22 




Crystal form: 


Disordered fee 


Disordered fcc 


Disordered fcc 




Lattice constant: 


3.849 


3.857 


3.879 


PtMn 




0-24* 


0-25 


C-26* 




Atomic ratio: 


45:55 


7622 


76-22 




Crystal form: 


Tetragonal 


Tetragonal 


Ordered cubic 




Lattica constant: 


a»b»4.004 c»3.676 


a«bs3.974Cs3.719 


3.885 


PtGa:Co 




C-27* 


0-28 


0-29* 




Atomic rafiO! 


512425 


7d'9*12 


7Q-Q-19 




Crystal form* 


Disordered fcc 


DioArdofcyi ftv* 


l/R>UlUt^t3l] ICC 




Lattice constant: 


3.840 


3.856 


3.885 


PtV:Fe 




C-30* 


0-31 


C-32* 




Atomic ratio: 


50:2525 


76:13:11 


76:13:11 




Crystal form: 


Disordered foe 


Disordered fee 


Disordered foe 




Lattice constant: 


3.854 


3.863 


3.889 


PtFeiCo 




C^* 


0-34 


C-35* 




Atomic ratio: 


482626 


74:13:13 


74:13:13 




Crystal form: 


Ordered cubic 


Ordered cubic 


Disordered fcc 




Lattice constant: 


3.783 


3.816 


3.864 



Compyatiyo&fflmplge 

(Production Examples 36 & 37^ 

ProductiQn of platinum-suppQrted catalysts: 

The procedure of Production Example 1 was repeated except that the heat-treated carbon black having a specific 
surface area of 110 nf/g was replaced with untreated carbon black (trade name: VULCAN XC-72R. available from 
Cabot Corp.) having a specific surface area of 260 m^/g and the charging ratio of earbon:R was changed to follow Pro- 
duction Example 1 1. Thus, a 30% Pt^C catalyst (0-36^) and a 40% Pt/0 catalyst (0-3r) were produced. 

Example 5 

f Production Examples 38 & 39^ 

Production of datinum skeleton allov support ed catalysts: 

The procedure of Comparative Example 2 was repeated except that the 10% R-C catalyst (0-1 *) used therein was 
replaced with 50 g of 30% Pt/C catalyst (C-36*). which was slurried in 3,000 ml of deionized water, and that an aqueous 
solution of a mixture of cobalt (II) nitrate containing 2.25 g of Co and nickel (II) nitrate containing 2.25 g of Nl. in place 
of Cu. was added. Thus, a Pt-CO-Ni solid solution allc^-supported catalyst (C-38') was obtained. Subsequently, this 
was treated in the same manner as in Example 1 to obtain a platinum skeleton alloy supported catalyst (C-39) having 
the coiTposition with a R:Co:Ni atomic ratk) of 74:13:13. MeanwhSe. from C-36*. a solki solution alloy-supported cata- 
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lyst (C-40^) having the same composition was directly produced. 

Similarly, to 50 g of 40% Pt/C catalyst (C-37*). an aqueous solution of copper (IQ nitrate containing 6.5 g of Cu was 
added to produce a R-Cu solid solution alloy-supported catalyst (0-41*). This was treated In the same manner as in 
Example 1 to produce a platinum skeleton alloy-supported catalyst (C-42) having the composition with a Pt:Cu atomic 
ratio of 72:28. Abo. from C-37*. a solid solution alloy-supported catalyst (C-43*) having the same composition was 
directly produced. 

The crystal forms and lattice constants of these alloy supported in the catalysts were given for conparison in Table 



Tables 







Solid solution alloy (A) 


Skeleton alloy (B) 


Solid solution alloy (C) 
with composition of (B) 


R:Co:Ni 




C-38* 


C-39 


C-40* 




Atomic ratio: 


50:25:25 


74:13:13 


74:13:13 




Crystal form: 


Disordered fee 


Disordered fee 


Disordered fee 




Lattice constant: 


3.774 


3.797 


3.845 


Pt:Cu 




C^l* 


C-42 


C-43* 




Atomic ratio: 


50:50 


72:28 


7228 




Crystal form: 


Disordered foe 


Disordered fee 


Disordered fee 




Lattice constant 


3.791 


3.809 


3.852 



2. Production of electrode: 

The catalysts C-r. C-3*. C-9*, C-1 1 and C-12* to C-43* obtained In the foregoing Production Examples 1, 3, 9 and 
11 to 43. respectively, were each ultrasonieally dispersed in an aqueous polytetrafluoroethylene dispersion (trade 
name: TEFLON TFE-30, available from Du Pont) to obtain a unifbrm slun-y containing the catalyst and the poly- 
tetraf luoroethylene in a dried-weight ratto of 50:50. To this mixture sluny, aluminum chlorMe was added to form a f loc- 
culent precipitate. This f focculent precipitate was deposited (built-up) on a cartx>n paper support substrate (trade name: 
TGP-H-12. available from Toray Industries, Inc.) having been made water-repellent with polytetrafluoroethylene, and 
was then pressed, fbltowed by drying and thereafter baking in a stream of nitrogen at SSO^'C for 1 5 minutes to obtain an 
electrode. Electrodes produced using the catalysts 0-1 *, 0-3*. C-9*. 0-1 1 and 0-12* to 0-43* are called E-1*, E-3*, E- 
9*, E-1 1 and E-12* to E-43*. respectively. These electrodes were all prochjced so as to contain the catalyst in an amount 
of 5.0 mg (in terms of dry weight) per 1 cm^ of the electrode. The electrodes having the catalysts according to Exanv^es 
and Comparative Examples, thus produced, were put to the folfowing performance tests. 

3. Performance Tests 

(1 ) Test for mass activity on oxygen reduction reactfon: 

A circular electrode test piece of 24 mm in diameter was. on its side coated with catalyst layer, brought into contact 
with a 105% phosphoric acid electrolyte kept at 200^0. and, to the other gaseous diffusion layer side, oxygen (O2) was 
fed at a flow rate of 600 ml/min. TTiis electrode was set as a wwking electrode, and a reference hydrogen electrode 
(RHE) was made of a Luggin tube subjected to bubbling with hydrogen gas afong a platinum wire. A counter electrode 
made of a platinum mesh was provided. Electric currents were passed between the working electrode and the counter 
electrode at various current densities ranging from 0 to 600 mA/em^, where their polarization potential was measured. 
Internal resistance (IR) was conrected by the current intenruption method. With respect to the respective electrodes E- 
1*. E-3*. E-9*. E-l 1 and E-12* to E-43*. internal resistance^ree (IR-free) electrode potentials to current densities were 
plotted on a semilogarithmic graph to determine the current density at plus 900 mV vs. the RHE, and the mass activrty 
(mAMig R) of each catalyst was determined from the values obtained. Results are given In Tables 4 to 7. 
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Table 4 



Catalyst 




PC. MSA Itt^IrA 


uxygen reaucoon mass 
activity ((iA/lmgPt) 


Na 


Constitution 








C-r 


10%Pt/C 


E-r 


120 


40 


C-9* 


Pt-Cu(16:84) alloy/C 


E-9* 


72 


70 


C-11 


R-Cu(1624) skeleton alloy/C 


E-11 


91 


86 


C-3* 


Pt-Cu(7624) alloy/C 


E-8* 


75 


68 



Tallies 





Catalyst 




Electrode 


EC.MSA(m2/g) 


Oxygen reduction mass 
activity (u/V/hran) 




Na 


Constitution 








20 


C-12* 


20%Pt/C 


E-12* 


116 


99 




C-13* 


Pt-Cu(50:50) alloy/C 


E-13* 


68 


69 




C-14 


R-Cu(71:29) skeleton alloy/C 


E-14 


77 


80 


25 


C-15* 


R-Co(50:50) alloy/C 


E-15* 


91 


Wb 


C-16 


R-Co(83:17) skeleton alloy/C 


E-16 


99 


60 




C-17* 


Pt-Co(83:1 7) alloy/C 


E-17* 


88 


53 




C-18* 


R-Ni(50:50) alloy/C 


E-18* 


88 


58 

WW 


30 


C-19 


R-Ni(7525) skeleton alloy/C 


E-19 


102 


68 




C-20* 


R-Nj(75:29 alky/C 


E-20* 


92 


60 




C-21* 


R-Cr(52:48) allov/C 


E-21* 


78 


4fi 


35 


C-22 


Pt-Cr(7822) stoleton alloy/C 


E-22 


89 


58 


C-23* 


Pt-Cr(78:22) ailoy/C 


E-23* 


80 


50 




C-24* 


Pt-Mn(45:S5)alloyyC 


E-24* 


68 


47 




C-25 


Pt-Mn(7624) skeleton aHoy/C 


E-25 


77 


54 


40 


C-26* 


R-Mn(7624) alloy/C 


E-26* 


67 


46 




C-27* 


R-Ga-Co(5i 2425) alloy/C 


E-2r 


80 


72 




C-28 


R-Ga-Co(79d:12) steleton alloy/C 


E-28 


89 


80 


45 


C-29* 


R-Ga-Co(79S:12) alloy/C 


E-29* 


81 


68 




C-30* 


R-V-Fe(502525) alloy/C 


E-30* 


74 


68 




C-31 


R-V-Fe(76:l3:l1) skeleton alloy/C 


E-31 


85 


79 




C-32* 


R-V-F6(76:13:11) alloy/C 


E-32* 


75 


66 


SO 


C-33* 


n-Fe-Co(482626) aloy/C 


E-83* 


82 


84 




C-34 


R-Fe-Co(74:13:l3) skeleton alloy/C 


E-34 


94 


95 




C-35* 


R-Fe-Co(74:l3:13) aOoy/C 


E-35* 


84 


82 



55 
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Catalyst 


Electrode 


ECMSA (nr/g) 


Oxygen reduction mass 
activity (pA/lmgPQ 


No. 


Constitution 








C-36* 


30%Pt/C 


E-36* 


107 


32 


C-38* 


Pt-Co-Ni(50:2525) alloy/C 


E-38' 


80 


61 


C-39 


Pt-Co-Ni(74:13:13) skeleton aUoy/C 


E-39 


89 


68 


(MO* 


R-Co-Ni(74:13:13) alloy/C 


E-40* 


81 


62 



Table? 



Catalyst 


Electrode 


ECMSA (m^/g) 


Oxygen reduction mass 
activity (tiAAngPt) 


No. 


Constitutaon 








C-37* 


40%Pt/C 


E-37* 


100 


29 


0-41* 


Pt-Cu(S0:50) alloy/C 


E-41* 


65 


58 


C-42 


Pt-Cu(7828) skeleton alloy/C 


£-42 


76 


65 


C-43* 


Pt-Cu(7828} alloy/C 


E-43* 


67 


55 



As is seen from the above results, the electrocles E-1 1 , E-14. E-16. E-19. E-22, E-25. E-28, E-31 arxj E-34 showed 
activities which are 1.4 times to 2.4 times higher than the electrode E-1 " using the single plallniHn supported catalyst 
having the same platinum leading amount as these. In con^iscn with eiectrcxfes u^ng conventionally known plat:- 
30 num-base metal solid solution ailoy-supported catalysts, the electrodes of the present invention showed activities 
higher by about 10% to 26%. 

(2) Single cell test of fuel cells: 

3S The electrode E-V was set as the anode and the electrode E-12*, E-13* or E-34 as the cathode, which were set 
face-to-lace on their catalyst coated layer sides, and between which an electrolyte sheet comprising an SiC matrix 
sheet inrpregnated with 105% phosphoric acid was inserted. Thus, a small-size single cell having an electrode effective 
area of 7.4 cm x 7.4 cm was set up. The electrodes were maintained at 21 O^'C at a cun-ent density of 200 nWcm^ while 
feeding hydrogen gas to the anode side and air to the cathode side at flow rates of 1 00 ml/min and 600 ml/min, respec- 

40 lively, and the changes with time of IR-free terminal voltage were followed up. Compared with cells employing as the 
cathode the electrode using the platinunrvbase metal solid solution alloy-supported catalyst or using the conventionally 
known single platinum supported catalyst, the cell employing the cathode the electrode produced using the catalyst 
of the present invention exhibited superior performances in that the cell had not only a higher irritial terminal voltage for 
1.000 to 2.000 hous, but also rather a very smaller rate of temiinal voltage drop, which was as small as about 1/2 of 

45 the conventional catalysts, after 7,000 to 8,000 hours. 

The changes with time of IR-free terminal voKages of the respective cells are shown in Fig. 2. 

Claims 

50 1 . An electrocatalyst comprising an alley of platinum vtnth a base metal selected from the group coisisting of gallium, 
vanadium, chromium, manganese, iron, cobalt, nickel and copper, having a structure of vacant lattice site type lat- 
tice defects, and a conductive cart)on powder on which said alloy is supported. 

2. The electrocatalyst according to daim 1 . wherein the platinum is supported in an amount of 1% by weight to 60% 
55 by weight t>ased on the whole catalyst. 

3. The electrocatalyst according to daim 1 , wherein the atomic ratio of platinum to the t>ase metal in said platinum 
skeleton alloy is in the range of 1 :1 to 1 :0.05. 
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4. The electrocalaJyst according to daim 1, wherein said conductive carbon powder has a BET specific surface area 
of from 50 to 1 .500 m^/g. a graphite (002) crystallite diameter of from 7 to 80 A, a graphite crystal intertattice dis- 
tance dc (002) of fiom 3.40 to 3.79 A. and a DBP oil absorption of from 50 to 700 ml/100 gC. 

5 5. The eledrocatalyst according to claim 1 , wNch Is a cathode catalyst for a phosphoric add type fuel cell. 

6. The electrocatalyst according to claim 5. wherein platinum is supported in an amount of 5 to 30% by weight based 
on the whole catalyst. 

10 7. The electrocatalyst according to daim 5. wherein said conductive ceabm powder is an at least partially graphitized 
caibon black having a BET specific surface area of from 50 to 180 nt^/g, a graphite (002) crystallite diameter of from 
10 to 70 A. 

a The electrocatalyst according to cfaim 1. which is a cathode catalyst for a proton-exchange menrtoane type fuel 

IS cell. 

9. The electrocatalyst according to daim 8. wherein platinum is supported in an amount of 20 to 50% by weight based 
on the whole catalyst 

20 10. The electrocatalyst according to daim 8. wherein said conductive carbon powder has a BET specific surface area 
of from 1 20 to 1 ,500 m^/g and a graphite (002) crystallite diameter of from 7 to 35 A 

11. An electrode comprising the electrocatalyst as claimed in daim 1 and a water-repellent binder which are bound to 
a conductive and gas-permeable support substrate. 

25 

12. The electrode according to daim 1 1 . which is a cathode tor a phosphoric acid type fuel ceil. 

13. The electrode according to daim 1 1 . wfnch is a cathode for a proton-exchange ment>rane type fuel cell. 

30 14. A process for producing the electrocatalyst as daimed in daim 1 . the process comprising; 

the first step of bringing a solid solution alloy of platinum with a base metal selected from the group consisting 
of gallium, vanadium, chromium, manganese, iron, cobalt, nickel and copper into support in a highly cfispersed 
state with a conductive carison powder; and 
35 the second step of removing the base metal at least in part from the crystal lattice of the altoy while retaining 

the aystal form to form a structure of vacant lattice site type lattice defects. 

15. The process according to daim 14, wherein 20 to 90% by weight of the base metal contained in the platinum solid 
solution alloy is removed In the second step. 

40 

16. The process according to claim 14, wherein the second step comprises suspending a platinum solid sdution alloy- 
supported carbon powder in phosphoric add heated to 1 0O'C to 200^0 or in an aqueous mineral add solutton kept 
at a temperature of room tenrperature to lOO^C in an atmosphere containing substantially no oxygen, and main- 
taining the resultant suspension with stim'ng for a certain time, followed by cooling, filtering, and washing with hot 

45 water until the filtrate has an elecfrical conductivity of 20 ^S/cm or less, and subsequently drying, wheretiy the base 
metal being removed. 



so 



55 
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